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Abstract 
In this paper, an iterative algorithm for localization of acoustic emission (AE) source is presented. The main advantage of the
system is that it is independent of the “ability” in the determination of signal level to triggering the signal by the researcher. The 
system was tested in cylindrical samples with an AE localized in a known position; the precision in the source determination was
of about 2 mm, better than the precision obtained with classic localization algorithms (~1cm). 
PACS: 43.35.Zc; 43.40.Le 
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1. Introduction 
Acoustic emissions (AE) are the stress waves produced by the sudden internal stress redistribution of the 
materials caused by the changes in the internal structure [1]. Internal-structure changes could be crack initiation, 
crack growth, crack opening, crack closure, dislocation movement, phase transformation in monolithic materials, 
fiber breakage and fiber-matrix debonding in composites. Most of the sources of AEs are damage-related; thus, the 
detection and monitoring of these emissions are commonly used to predict material failure [2]. Besides the 
applications of AE in research endeavors, AE has been widely used in industries, including the detection of flaws or 
leakage in pressure vessels, tanks, and piping systems. AE is also used to monitoring the welding and corrosion 
progress. 
The difference between the AE technique and other nondestructive evaluation (NDT) is that AE detects the 
activities inside the materials, so this technique can be predict a failure, while other NDT methods detect the flaw  
when the failure was created. Furthermore, AE only needs the signal from one or more relatively small sensors on 
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the surface of the structure or specimen being examined. So the structure or specimen can be examinated in-service 
or in laboratory operation while the AE system continuously monitoring the progressive damage [3].
The methods of locazation are constructed through iterative and non iterative algorithms based on signals from
the source and acquired by sensors located on the surface of the sample and the position of these sensors.
Based on the arrival-time differences, observed in an array of three sensors, an exact solution for the 
configuration of three sensors in a planar surface was derived. The AE source is located at the intersection points of
two hyperbolae curves Tobias [4]. Using the differences in time-of-arrival (TOA) from an AE source to three 
sensors [5], the position of the source is calculated through the use of spherical coordinates. M. Asty found that, the
positions of the source, can have more than 1 value and it is needed to use fourth sensor to eliminate this problem. In 
a similar approach, Barat et al. [6] developed a mathematical method for the calculation of the coordinates of an AE
source in cylindrical surfaces using the concept of geodesic, to find the path of the wave between 2 sensors on the
surface. Dong-Jin Yoon [7], generalized mathematical formalism for the path traveled by an acoustic wave in the
surface of a structure is presented, and a direct method for the calculation of the coordinates of an AE source on a 
cylindrical surface by three sensors is evaluated.
Based on the cross-correlation of two sensor signals the difference of the arrival time is estimated accurately by
calculating the phase shift of the signals in the cross-correlation. Two alternative but equivalent procedures for the
best estimation of the source location, corresponding to the ellipse’s centre for three or more microphone clusters are 
presented by B. V. Landau [8]. A novel localization method of the source position generating impulsive periodic
signals is proposed in [9], requiring a minimum of three microphones to identify impulsive sources in 2-D space,
while in 3-D space at least four microphones must be used.
In this paper, a method to find the coordinate of an AE source in a non dispersive material using TOA of N events
in M sensors is presented. The number of sensor must be greater than six if location in 3D is required.
The method suppose propagation wave velocity constant in all direction, this velocity was determined by TOF
before experimentation.
2. Theorical Arguments
For the source localization, only geometrical arguments were utilized. If the position of the sensors are 
determined by  Xi(xi,yi,zi) and the source position is X(x,y,z), the distance from the source  to the sensor “ i ” can be
obtained  from
2 2
i i i iD = (x - x) +(y - y) +(z - z)
2
i 1-t )
i 1-t )
(1)
The arrival time from the position of the source to the sensor “i” is given by the equation
iD =  (tQ (2)
Where ti is the arrival time to sensor “i” and t is the time of event occurrence.
The position of AE source and the wave propagation velocity can be obtained solving the system composed by
equation (1) and (2). In these formulae more unknown variables than equations appear. To solve this problem we do:
i 1D -D =  (tQ   (3)
Where, D1 is Di evaluated for i=1, and i=2, 3,..., m.. These equations conduct to the following relations [10]
i i i i
i i
e (a x+b y+c z)d + - 2 = - 2
d di 1
 D (4)
Where
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The non-linear system defined by (4) can be linearized by subtracting the equation (4) evaluated for i=2 from the
equation (4) [10].
,1 ,2 ,3i i i if x f y f z h g Q    (5)
Where
With i m3,4,..
In the equation (5) it is assumed that the velocity v is known, in the present case, the velocity in the material will
be unknown and calculated in each one of the iteration. The matrix form of equations system is
A x b  (6)
Where
Each new value of velocity calculated is compared with the input velocity (measured). This system gives the 
coordinates of the source and the propagation velocity in the medium given by w .
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2.1. Algorithm
Fig.1 Flow diagram of development of the localization algorithm.
Figure (1) shows the flow diagram of the algorithm that begins with the selection of one AE event detected by all
the sensors. The program is feed with the coordinates of each sensor in any convenient system, according to the 
geometry. For the initial configuration it is necessary to feed the first threshold to calculate a tentative position of 
source in x(0). Then the program realize the calculation of the coordinates of the source and the propagation velocity
in the medium with the linear system of equations (6), these calculations are performed in computational platform.
After calculating the position and velocity, the program performs a comparison between the velocity measured and 
calculated, if the difference between both is greater than the tolerance (the tolerance is given by the user, of course it
depends on the technique used in the measurement of speed, the case treated in this paper, the tolerance used was
), the system changes the first threshold thus obtained new times of arrival. The decision to increase or
reduce the threshold is given by the tendency of the velocity calculated, in the first instant the program lowers the
threshold, if the value of the calculated velocity is far from the measured value i.e., if the speed difference increases,
the program increased the threshold until it converges, otherwise it continues to decline until fulfill the requirement
of tolerance. Finally, the program gives the coordinates of the source in the reference system chosen for the position
of the sensors.
 10  m / s
3. Experimental Setup 
The algorithm was tested on samples of epoxy resin (Araldite) (figure (2a)) which has in its interior a
piezoelectric ceramic (Figure (2b)), which simulate the acoustic emission. Because the cylinder is made with
semitransparent Epoxy resin is possible know the exact location of that source checking the algorithm accuracy. The
ceramic was excited with a pulse of 475 [9] for 9 [QV], emitting a pulse with shape and duration determined by its 
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own mechanic characteristics. In the figure (3) the impedance and phase curve for the piezoelectric ceramic it is
shown. The sample is a cylinder 5115 [PP] in diameter and 90 [PP] height.
Ceramics is 243 [PP] wide, 346 [PP] long and 290 [PP] thick. For the reception of signals, differential
transducers (16 [PP] in diameter) it was used. The resonance frequency of the sensor was measured, giving 137
[N+]].
Signals were acquired by the acquisition card with 2.5 [MHz] of sampling frequency.
(a) (b)
Fig.2  (a) Sample with BNC connector adapted to the  excitation of ceramics.  (b) Ceramics within the sample simulating acoustic emission.
Fig.3  (+) Phase of the ceramics used. (ź) Impedance of the ceramics used.
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The sensors were distributed to produce the best coverage of the volume in question. An ensemble of 12 sensors
distributed in 3 rings of 4 sensors on the surface of the sample was mounted. The signals recived by the 12 sensors
are shown in the figure (4). It can be appreciated in figure 4 that the first transducer detecting any signal is the 
channel five sensor. Solid vaseline was used to couple the sensor with the sample.
Fig.4  Signals received in the 12 positions sorted by time of arrival.
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4. Results
To assess the computing velocity of different methods to solve the linear system different algorithms were tested;
the results are shown in table I.
Method Accuracy (mm) Nº Iterations
Gauss-Seidel 3.350 621
Linsolve 2.033 491
Jacobi 3.562 541
Gauss 3.562 541
Analyzing the results supplied by the tested algorithms, the method obtaining greater accuracy is Linsolve. The
difference between the actual position and the calculated positions is 2.033[mm]. In figure (5) the convergence of
this method it is shown.
Fig.5  Convergence of the method according to the iterations calculated by Linsolve method.
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Fig.6  Progress of the algorithm, outlined the solution in each iteration (dots) in the vicinity of the real position (diamond).
To better understanding of the process, in figure (6) the results of position source obtained in the iterations it is 
shown. The blue dots represent susesive positions calculated, where the first iteration is the first point of the left and
the next are goes to the right. The red diamonds represent the true position of the source (PZT ceramic). The green
contour represents the sample surface. In each iteration the computed solution is closer to the true position of the
source, which confirms the results shown in the convergence curve presented in figure (5).
5. Conclusion
A new approach to solve the problem of localization of acoustic emission source in 3D is presented. Localization
algorithm is evaluated in homogeneous media where the speed of propagation remains constant in all direction.
The position of the sensors is arbitrarily selected by the researcher depending of the geometry of the sample.
With this technique it is possible to find the time in which the event happened, this is easily obtained by replacing
the position found in equation (1) and (2).
The presented technique improves the location of AE source in approximately one magnitude order.
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